to be at the level of controlling the amount or the cap binding activity of the eIF4E-eIF4G complex (reviewed in Gingras, et al., 1999). For instance, the dephosphoryAlan B. Sachs* Department of Molecular and Cell Biology University of California, Berkeley Berkeley, California 94720 lation of a competitive inhibitor of the eIF4E-eIF4G interaction, the 4E-BPs, can lead to decreased amounts of eIF4E bound to eIF4G. Furthermore, the dephosphorylation of eIF4E can diminish its interaction with eIF4G and Once mRNA is transcribed from DNA, its level of expresthe cap structure. In fact, the appearance of dephossion is dependent upon the efficiency of a number of phorylated eIF4E correlates with the loss of cap binding interconnected cellular processes. These include polyactivity and cap-dependent translation in G2/M cells adenylation and splicing in the nucleus, mRNA export, (Bonneau and Sonenberg, 1987; Huang and Schneider, and degradation and localization in the cytoplasm. The 1991). expression of an individual mRNA also depends upon Cap-dependent translation is not, however, the only the activity of the translational machinery, and the presmeans by which an mRNA's translation can be initiated. ence or absence of sequence elements that either actiThe discovery of internal ribosome entry sites (IRES) on vate or inhibit its translation. This minireview will depicornavirus mRNA revealed that the small ribosomal scribe recent work examining how specific mRNA subunit could bind within the mRNA in a cap-indepensequences overcome the general inhibition of transladent manner (Jang et al., 1988; Pelletier and Sonenberg, tion that occurs in the G2/M phase of the cell cycle.
tions during the G2/M period is also described. This In the current work ODC enzymatic activity was found investigation began by examining the expression of a to increase 15-fold at the G2/M boundary, even though 58 kDa PITSLRE protein kinase (p58 PITSLRE ), and a larger protein stability did not appreciably change and the ODC 110 kDa (p110 PITSLRE ) form from which p58 PITSLRE is derived. mRNA level increased only 3-fold. Armed with this inforIt was initially found that p58 PITSLRE expression was inmation, it was then discovered that the peak of ODC duced nearly 20-fold in cells arrested at the G2/M phase, activity at the G2/M boundary was not prevented by whereas the p110 PITSLRE was not. In a series of welleven further decreases in the amount of eIF4E, although designed experiments, these authors found that p58 PITSLRE the peak of activity at the G1/S boundary was. These was produced from the p110 PITSLRE mRNA, and that it results suggested that ODC translation during the was not produced as a result of p110 PITSLRE proteolysis G2/M but not the G1/S phase occurred through a capor of leaky scanning through the 17 initiator codons independent initiation mechanism.
prior to its initiator codon. Based on these data, it was Further examination of the 5Ј leader of the ODC mRNA hypothesized that p58 PITSLRE expression was driven by revealed it contained sequence elements near the initiaan IRES found within the open reading frame of the tor methionine codon that resembled those found on p110 PITSLRE mRNA just 5Ј to the p58 PITSLRE initiation codon. IRES-containing mRNAs. The leader 5Ј to this region This was a particulary striking hypothesis since the preswas also predicted to contain a hairpin structure, and ence of an IRES within the coding region of an mRNA this region was found to partially inhibit cap-dependent is unprecedented. translation as a result of blocking the scanning or riboTo test this hypothesis, discistronic mRNA constructs some binding processes.
containing as few as 220 nucleotides found just before A gold standard for detecting IRES activity is the disthe p58 PITSLRE initiator codon were examined. In cellular cistronic mRNA assay (Pelletier and Sonenberg, 1988) transfection studies, this and slightly larger regions de- (Figure 2) . In this test a capped mRNA containing two rived from the p110 PITSLRE mRNA were shown to greatly open reading frames (ORFs) and the putative IRES elestimulate the expression of the second ORF (Figure 2 ). ment between them is analyzed for expression either in Unfortunately, this IRES did not function in the discisvivo or in vitro. The first ORF is translated by the captronic assay using in vitro translation extracts. Cornelis dependent scanning mechanism and the second via and colleagues did not inactivate cap-dependent transan internal initiation mechanism. If the putative RNA lation in these lysates (which stimulates IRES-dependent translation) as had the Sonenberg group, and so element functions as an IRES, then the expression from it remains to be determined whether the p58 PITSLRE IRES IRESs to rapidly dividing cells should provide a very could be made to function in vitro under certain condipowerful new tool to control gene expression without tions. Most importantly, this IRES was found to stimulate the use of specific promoters. Will these IRESs function the synthesis of the second open reading frame on the as advertised under a wide range of conditions in differdiscistronic mRNA in a cell cycle-dependent manner. ent mRNA constructs, and will they provide enough of Based on these data, the authors conclude that the a change in mRNA expression to be useful? Likewise, p58 PITSLRE form of this protein kinase serves an essential will it be possible to inactivate the machinery that specifrole during G2/M, and that its expression is limited to ically recognizes these IRESs by chemotherapeutics, G2/M by an IRES-dependent mechanism since it is either and if so could these compounds represent a novel inhibitory or unnecessary elsewhere in the cell cycle.
class of growth inhibitors? The answers to these and More IRESs to Come? many more questions will likely be found over the next Given the sudden appearance in the literature of two cell few years, and with them will come an even greater cycle-regulated IRESs on cellular mRNA, and another on appreciation for how the regulation of gene expression hepatitis C viral RNA (Honda et al., 2000) , it is reasonable is exerted in cells. to ask why it has taken so long to find them, and how
